ABSTRACT The response of Peking ducks to supplements of Sophy β-glucan was studied. A total of 160 healthy 1-d-old mixed-sex ducklings were randomly allocated to 3 groups: Sophy β-glucan (n = 80), bacitracin zinc (n = 40), and control (n = 40), which received the same antibiotics-deficient diet supplemented with 1% β-glucan, 5% bacitracin zinc, or nothing, respectively. During 2 mo of the study, growth performance, carcass composition, and meat quality of Peking ducks were evaluated. Additionally, a separate immunological study was conducted with a total of 105 healthy male Peking ducks in 7 groups (n = 15) and immunized with different doses of β-glucan (0, 0.5, 2.5, 12.5, and 62.5 μg/duck) and BSA (200 μg/duck). Blood was taken for detection of anti-BSA-IgG antibody and peripheral blood mononuclear cells proliferation assays. Groups subjected to different dietary treatments showed almost no differences in growth performance and slaughter traits except breast muscle percentage and intestinal length. These 2 indicators were significantly higher in the bacitracin zinc group than in the control and β-glucan groups (P < 0.05). Similarly, chemical compositions, fatty acids, and amino acids of breast muscle were not significantly influenced by the diet. Ducks immunized with Sophy β-glucan did not have enhanced level of anti-BSA-IgG antibodies but had significant peripheral blood mononuclear cells proliferation compared with unchallenged ducks (P < 0.01). With an increase in the glucan concentration, the proliferative responses approximately linearly increased. These findings indicate that 1% Sophy glucan did not improve duck growth performance, carcass composition, and meat quality significantly under the conditions of the present experiment and mainly had regulatory or enhancing properties on poultry nonspecific cellular immunity.
INTRODUCTION
It is well known that antibiotics are commonly supplied in the diets of poultry at subtherapeutic levels to reduce the incidence of disease and improve growth rate, feed efficiency, and meat quality. Although people enjoy the benefits of antibiotics, concerns exist that the use of antibiotics as therapeutics and as growth promoters could lead to problems of antibiotic residues and increasing bacterial resistance for both humans and animals. Thus, antibiotic supplementation should be limited and alternative sources of treatment with equal efficacy need to be evaluated (Bae et al., 1999) . Bacitracin zinc, a mixture of high molecular weight polypeptides, is an effective antibiotic and growth promoter used in the poultry industry. Although banned since 1999 in Europe as a growth promoter on the basis of the precautionary principle, it is still used for this purpose in other countries (Manson et al., 2004) . Because bacitracin zinc is a controversial antibiotic in animal feed, a need exists to find a safer and effective alternative antibiotic or other drug to replace bacitracin zinc.
Using immunomodulators to modulate the immune function of animals is considered to be a potential means to improve their performance and health status (Li et al., 2006) . Among the known immunomodulators, β-glucans have been studied for their favorable biological effects on mammals (Akramiene et al., 2007) . Their proven safety and high efficiency make them a potential substitute of prophylactic and growth promoter antibiotics for supplementation of animal feed. Sophy β-1,3-1,6 glucan (Ikewaki et al., 2005) is derived from black yeast Aureobasidium pullulan strain . It is currently available commercially as a human health food supplement (Ikewaki et al., 2007) . A large number of experimental results show that Sophy β-glucan has strong immune properties in both humans and mice in vitro (Ikewaki et al., 2007) . However, information on the benefits of glucan in poultry, particularly in ducks, is limited. The aim of this study was to determine whether β-glucan had similar benefits as antibiotic feed additives such as bacitracin zinc in the diet of Peking ducks (Anas platyrhynchos). After glucan supplementation in feed or by injection, the growth performance, meat quality, cell-mediated immunity, and humoral immunity of Peking ducks were observed.
MATERIALS AND METHODS

Experiment 1
Animals and Diets. A total of 160 healthy 1-d-old mixed-sex Peking ducklings were raised under similar conditions in a conventional poultry house breeding Peking ducks (Shangzhuang County, Beijing) . All the birds were immunized with bird flu vaccine (Qian Yuan Hao Biological Co. Ltd., Beijing, China) on d 14. The antibiotic-deficient diet was from the Sunflower Feed Mill (Shangzhuang County, Beijing). Ducks were weighed and divided into 3 groups: Sophy β-glucan (n = 80), bacitracin zinc (n = 40), and control (n = 40), which received the same antibiotics-deficient diet supplemented with 1% β-glucan, 5% bacitracin zinc, or nothing, respectively. Each group had similar BW at the beginning of the experiment. For the composition of the Peking duck diet see Table 1 . Feed and water were consumed ad libitum throughout the trial.
Growth Performance. Body weights were measured on d 0, 14, 28, 42, and 60. Feed consumption was measured daily. Average BW gain, average daily feed consumption, and feed conversion (feed/gain) were calculated for d 0 to 14, 15 to 28, 29 to 42, and 43 to 60.
Carcass Assessment and Meat Fatty Acids Composition. After feed deprivation for 12 h, sixteen 61-dold ducks per dietary treatment were selected randomly from each pen, slaughtered, plucked, and eviscerated manually. Abdominal fat, breast meat (including pectoralis major and pectoralis minor), leg meat (including thigh and drumstick), spleen, thymus, liver, gizzard, and proventriculus were removed manually from carcasses and weighed. Breast and leg meat were all skinless and boneless, the length of the intestine was measured by flexible rule, and sebum thickness was measured by vernier caliper. All weights, including abdominal fat, breast meat, leg meat, spleen, thymus, liver, gizzard, and proventriculus, were expressed as a percentage relative to the live BW.
Duck breast meat samples were stored at −80°C until freeze dried. The freeze-dried duck breast meat samples were submitted to the Ministry of Agriculture Feed Safety and Bioavailability Evaluation Center (Beijing, China) for fatty acid profiles. Fatty acids were measured by HP-6890 gas chromatograph (Hewlett Packard, Palo Alto, CA).
Experiment 2
Animals and Diets. To observe the effect of Sophy β-glucan on cell-mediated immunity and humoral immunity in Peking ducks, a total of 105 healthy 1-mo-old male Peking ducks (available from the duck farm of the Institute of Animal Sciences, Chinese Academy of Agricultural Sciences, Beijing, China) were raised in a laboratory animal house. Ducks all received the same commercial feed. They were given free access to water and food under natural lighting.
Immunization of Peking Ducks with BSA and Sophy β-Glucan. A total of 105 healthy male Peking ducks were randomly divided into 7 groups (n = 15/ group) and immunized with different doses of β-glucan and antigen BSA complexes. Immunization of Peking ducks with BSA and β-glucan was described previously (Hida et al., 2005) .The groups were as follows: blank (untreated), BSA + Freund's adjuvant (FA), BSA + 0.5 μg of glucan + FA, BSA + 2.5 μg of glucan + FA, BSA + 12.5 μg of glucan + FA, BSA + 62.5 μg of glucan + FA, and FA. For the first injection, 20 mg of BSA and different concentrations of β-glucan was dissolved in PBS (8 g of NaCl, 0.24 g of kH 2 PO 4 , 1.44 g of Na 2 HPO 4 , and 0.2 g of kCl; pH 7.4). Each duck in each group was immunized with a total amount of 200 μg of BSA and 0, 0.5, 2.5, 12.5, or 62.5 μg of β-glucan separately emulsified with an equal volume of complete Freund's adjuvant (Sigma, St. Louis, MO) to obtain a final concentration of 2 mg of BSA/mL, and each duck received 0.1 mL of emulsion by subcutaneous injection in the neck. A booster injection was given subcutaneously in the neck region 2 wk after the first injection with the same dose emulsified with incomplete FA (Sigma). Blood was collected from duck tibial vein at 0, 7, and 14 d after the first immunization and 7, 14, and 21 d after the secondary immunization. Blood samples (1 mL) were collected from each duck and were stored 12 h at 4°C. The serum was separated from the clotted blood by centrifugation at 10,000 × g for 5 min and all serum samples were stored at −20°C until ELISA analysis. At 7 d after secondary immunization, 2 mL of fresh peripheral anticoagulated blood, obtained in a heparin tube, was used for the peripheral blood mononuclear cells (PBMC) proliferation assays.
Anti-BSA-IgG Antibody Detection. To detect specific antibodies, ELISA were conducted. Briefly, flatbottom 96-well ELISA plates (EIA/RIA, Costar, Corning Inc., Corning, NY) were coated with 2 μg/mL of BSA overnight at 4°C in carbonate-bicarbonate buffer (pH 9.6). The wells were washed 3 times with 0.1 M PBS (pH 7.4) and blocked with 0.05 M carbonate-bicarbonate buffer containing 1% (wt/vol) gelatin for 2 h at 37°C. After the plates were washed 3 times with washing buffer (PBS containing 0.05% vol/vol Tween 20), the serum samples (diluted 1:4,000) were added to the wells and incubated at 37°C for 1 h. The wells were washed and 100 μL of horseradish peroxidase-conjugated goat-anti duck IgG (kPL Inc., Gaithersburg, MD) was added, followed by incubation at 37°C for 1 h. The wells were washed again and substrate (tetramethylbenzidine; Amresco, Solon, OH) was added. The plates were incubated for 15 min at 37°C and then the reaction was stopped by adding 2 M H 2 SO 4 . The optical density (OD) of each well was determined using a Bio-Rad 550 microplate reader (Bio-Rad, Hercules, CA) at 450 nm. PBMC Preparation and PBMC Proliferation Assays. Peripheral anticoagulated blood samples, obtained in a heparin tube, were used for the PBMC proliferation assays. An amount of chicken lymphocyte separation medium (Tian Jin Hao Yang Biological Manufacture Co. Ltd., Tianjin, China) equal to the original volume of the blood sample was added to the blood collection tube, followed by centrifugation at 239 × g for 30 min. The PBMC were harvested from the interface, immediately washed 3 times in Hanks' solution, and centrifuged at 425 × g for 10 min at room temperature. After washing again, the cells were resuspended in 2.5 mL of complete RPMI 1640 medium (HyClone, Thermo Scientific, Waltham, MA) supplemented with 10% fetal bovine serum (Thermo Scientific), 1% HEPES (Thermo Scientific), and 1% penicillin/streptomycin. The cell resuspension was then passed slowly through a glass wool (fiber diameter 9 to 20 μm; Sinopharm Chemical Reagent Co. Ltd., Shanghai, China) at 37°C for 40 min to remove most of the dead cells, platelets, and B lymphocytes. The filtered cells were counted with the hemocytometer and the cell viability was determined with 0.4% trypan blue solution. More than 95% of the cells were viable. Cells were diluted to a concentration of 8 × 10 6 cells/mL and cultured at 100 μL/well in 96-well microtiter plates (Corning). Effects of different concentrations of mitogens on the PBMC proliferation were conducted. Duck PBMC were separated and added to 96-cell plates (8 × 10 5 cells/well). Five kinds of mitogens, lipopolysaccharide (LPS), Sophy β-glucan, phytohemagglutinin (PHA), concanavalin A (ConA), and BSA, were diluted and added at final concentrations of 160 μg/mL to 0.625 μg/mL. For results, see Figure 1 . The PBMC cocultured with a final concentration of 40 μg/mL of ConA, 40 μg/mL of glucan, or 2.5 μg/mL of PHA proliferated the best. The highest OD was glucan > ConA > PHA > LPS and BSA. Optimal stimulation concentrations were used for the following experiment. Anticoagulated blood of 70 ducks (10 ducks/group) was randomly collected and prepared for PBMC. Triplicate PBMC cultures (8 × 10 5 cells/well) were stimulated in complete RPMI 1640 medium with or without 2.5 μg/ mL of PHA, 40 μg/mL of ConA, 40 μg/mL of Sophy β-glucan, and 40 μg/mL of BSA (each used as a stimulus to induce PBMC proliferation) for 72 h at 37°C under 5% CO 2 . During the last 4 h, the wells were pulsed with 20 μL of 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium, inner salt, and phenazine methosulfate mixture (20/1 vol/vol; Cell Titer 96 Aqueous Nonradioactive Cell Proliferation Assay kit, Promega Corp., Madison, WI) to assess cellular proliferation. The proliferative response was measured as the OD at 490 nm of the suspension in the well compared with that of the cells and media alone using an automated ELISA plate reader (Bio-Rad 550, Bio-Rad). The results are expressed as the OD (mean ± SD) of triplicate cultures.
Statistical Analysis
The data are presented as means ± SD. Statistical analyses were undertaken using SPSS software (version 11.5, SPSS Inc., Chicago, IL). One-way ANOVA were used to test for significant differences among groups. Differences were regarded as significant at P < 0.05 or P < 0.01.
RESULTS
Growth Performance
As shown in Table 2 , the BW of the bacitracin zinc group was higher than that of the control (P < 0.01) and glucan (P < 0.05) groups during the initial period NUTRITION AND IMMUNE FUNCTION OF GLUCAN ON PEkING DUCk and was still higher than the control group at d 15 to 28 (P < 0.05). No significant differences were found among groups from d 29 to 42, but the weight of the bacitracin zinc and glucan groups was higher than that of the control group. No significant differences were found among the groups at d 43 to 60. Feed intake was not significantly different among the groups at any point during the study. The feed efficiency (feed/gain) increased as the feeding time was extended. The feed efficiency of the bacitracin zinc group was significantly lower than that of the control and glucan groups at d 0 to 14 (P < 0.05). No significant differences were found among the 3 groups at d 15 to 60.
Carcass Assessment and Meat Fatty Acids Composition
The carcass characteristics of Peking ducks fed glucan, bacitracin zinc, or a control diet are presented in Table 3 . The data clearly show that the difference in breast muscle percentage was significant between the bacitracin zinc group and the control group (P < 0.05) or between the bacitracin zinc group and the glucan group (P < 0.05). A significant difference was also found between the bacitracin zinc group and the control group for Peking duck intestinal length (P < 0.05). The intestinal length of the glucan group was also longer than that of the control group, but the difference was not significant. No significant differences were found among groups for live weight; carcass weight; abdominal fat, thigh muscle, liver, gizzard, and proventriculus percentage; eviscerated percentage; eviscerated weight with giblet; dressing percentage; and sebum thickness.
As shown in Table 4 , no significant differences were found in fatty acids among the groups except for C22:1 (P < 0.05), C24:1 (P < 0.05), and C22:6 (P < 0.01). In most parameters, the percentage of fatty acids of the Sophy β-glucan group was higher than that of the control group and lower than that of the bacitracin zinc group.
Anti-BSA-IgG Antibody Detection
As shown in Figure 2 , with an increase of the number of immunization and the time postimmunization, Figure 1 . Effect of different concentrations of mitogens on the lymphocyte proliferation in Peking ducks. The optical density (OD) at 490 nm is shown by the lines. Duck peripheral blood mononuclear cells (8 × 10 6 /mL in RPMI 1640 medium containing 10% bovine serum and antibiotics) were cultured in flat-bottom microplates at a volume of 200 μL. The cells were stimulated with lipopolysaccharide (LPS), glucan, phytohemagglutinin (PHA), concanavalin A (ConA), and BSA at concentrations of 0 to 160 μg/mL and cultured at 37°C in a humidified atmosphere of 5% CO 2 . After 3 d of culture, the cells were pulsed for the last 4 h with 20 μL of inner salt. The results are expressed as the OD at 490 nm of DNA synthesis by using an automated ELISA plate reader. Each value represents the mean ± SD of 3 independent cultures. Asterisks beside peak OD indicate that the difference between the peak OD and blank OD of each mitogen is significant (P < 0.01); blanks beside peak OD indicate no significant difference between the peak OD and blank OD of each mitogen (P > 0.05). A,B Means within a row with different superscripts differ (P < 0.01). 1 CLA = conjugated linoleic acid; UFA = unsaturated fatty acid; SFA = saturated fatty acid; MUFA = monounsaturated fatty acid; PUFA = polyunsaturated fatty acid.
*P < 0.05; **P < 0.01.
the levels of anti-BSA antibody in all the groups were increased. On d 7 after the first immunization, the differences among groups were not significant. On d 14 after the first immunization, except for the BSA + FA + 62.5 μg of glucan group, the antibody levels of all other groups immunized with glucan were lower than those of the BSA + FA group. Significant differences were found between the BSA + FA group and the BSA + FA + 0.5 μg of glucan group (P < 0.01), and the BSA + FA + 2.5 μg of glucan group (P < 0.05). On d 7 after the second immunization, the antibody levels of all the groups immunized with glucan were still lower than those of the BSA + FA group, and the difference between the BSA + FA group and the BSA + FA + 0.5 μg of glucan group was significant (P < 0.05). By d 14 after the second immunization, the differences among the groups were insignificant and the differences became smaller on d 21.
In Vitro Proliferation of PBMC Stimulated by BSA, PHA, ConA, and Glucan
As shown in Figure 3 , compared with the unvaccinated (control) group, lymphocytes collected from each vaccinated group had better proliferation without the addition of any stimulus. Ducks challenged with Sophy β-glucan had varying degrees of PBMC proliferation compared with unchallenged ducks after BSA immunological challenge. As the glucan concentration increased, the proliferative responses also approximately linearly increased. Compared with the BSA + FA group, the BSA + FA + 12.5 μg of glucan group had the best proliferative responses and the differences were significant (P < 0.05 or P < 0.01) when stimulated by different mitogens. The cells challenged with ConA in vitro produced the greatest stimulation effect, and the OD value upon adding ConA was significantly higher in the vaccinated groups compared with the blank (P < 0.05 or P < 0.01), but PHA, glucan, and BSA did not have an effective role in proliferation except when glucan was added into the FA group compared with the blank.
DISCUSSION
Growth Performance
Research studies on poultry growth performance after feeding purified yeast β-glucan are extremely rare, and, to date, most of the research on clinical growth performance has been focused on mammals, especially pigs. Some researchers believe that glucans are mostly without any growth-promoting properties (Dritz et al., 1995; Hahn et al., 2006; Sauerwein et al., 2007) and that some even depress performance (Dritz et al., 1995; kim et al., 2000) . However, other researchers believe that glucans can promote growth or in some situations can stimulate growth or feed intake or both (Decuypere et al., 1998; Li et al., 2006) . In this study, ducks receiving the antibiotic diet were significantly larger than those receiving the control (during d 0-28) or β-glucan (during d 0-14) diets, but the BW of glucan-treated birds were close to controls during the whole trial. Feed consumption and feed conversion were similar for birds among 3 groups. These results suggested that β-glucan did not play an active role in Peking duck growth performance, feed consumption, and feed conversion.
Carcass Characteristics
Compared with the control group, both the bacitracin zinc diet and the β-glucan diet had no effect on abdominal fat, thigh muscle, liver, gizzard, and proventriculus percentage; eviscerated percentage; eviscerated weight with giblet; dressing percentage; and sebum thickness. Ducks in the bacitracin zinc group had the highest breast percentage and intestinal length, followed by those in the glucan group. Body size and growth rate at any point during development are determined by organ structures and functions (Mitchell and Smith, 1991) . In Coturnix, the main change resulting from selection for high growth rate is an increase in the relative size of the digestive organs (Lilja et al., 1985; Marks, 1988) . Therefore, from the view of the weight and intestinal length of experimental animals, bacitracin zinc supplementation appeared to be more conducive to promoting the growth of Peking ducks than supplementation with β-glucan.
Fatty Acid of Peking Duck Breast Meat
Intramuscular fat is involved in determining meat quality, particularly nutritional and sensory characteristics, and conservation ability (Ruiz et al., 2001) . Duck contains high levels of unsaturated fatty acids (around 60% of total fatty acids; Baeza et al., 2000) . In our study, the total fatty acids of the 3 groups were simi- Date were compared with the BSA + FA group on the same immunization days. G = glucan. *P < 0.05; **P < 0.01. lar. The highest contents of unsaturated and saturated fatty acids were oleic acid and palmitic acid, respectively. The level of unsaturated fatty acids was around 62% of the total fatty acids. No significant differences were found between the β-glucan and control groups in all the parameters. This finding suggests that yeast β-glucans in diets have no obvious statistical effect on the fatty acids components of Peking ducks. In addition, we found the crude fat, crude ash, and CP contents and different amino acid percentages in duck breast muscle were very similar in 3 groups, suggesting that neither β-glucan nor bacitracin zinc in the diet had an effect on the contents of proteins and amino acids in duck breast muscle (X. Y. Tang, unpublished data).
Anti-BSA-IgG Antibody Detection
Various substances are used as adjuvant in experimental models. The adjuvant is also important for controlling the T helper 1/T helper 2 balance. Some β-glucans show an adjuvant effect on antibody production (kondo et al., 1992; Ríos-Hernández et al., 1994; Mohagheghpour et al., 1995; Tokunaka et al., 2000) . We tested the adjuvant function of Sophy β-glucan by immunizing the ducks with BSA and detected the OD value of antibody by indirect ELISA method. With an increase in glucan content, an increasing trend occurred in antibody production during the 7 d of primary immunization. After that period, the antibody production of each group changed significantly. The antibody production of groups immunized with glucan still increased in a dose-dependent manner, but all of them except the BSA + FA + 62.5 μg of glucan group were lower than the BSA + FA group. In other words, the antibody formation of the BSA + complete Freund's adjuvant + different concentrations of glucan groups was decreased to different degrees in an anti-dose-dependent manner. In addition, we found glucan groups did not have peaks as great as the BSA + FA group. This means that glucan reduced the peak antibody response, and the suppressive or delaying effects of the low doses of glucan (0.5 μg of glucan group) were more significant. Differences among the groups were not significant on d 14 and 21 of the second immunization. This result is interesting and perplexing because relatively small differences during the initial phase of the immune responses usually can have a significant effect on the magnitude of the responses of subsequent phases of the immune responses. If this holds true, the antibody level of the BSA + FA group should be still lower than that of Figure 3 . Analysis of the T cell proliferative response to BSA, glucan, phytohemagglutinin (PHA), and concanavalin A (ConA) determined by peripheral blood mononuclear cells proliferation assay. The optical density at 490 nm is shown by the bars. Data marked with letters (a, b or A, B) were compared with group supplemented with BSA + Freund's adjuvant (FA). Lowercase letters above the bars indicate significant differences (P < 0.05); uppercase letters above the bars indicate significant differences (P < 0.01). Data were compared with the blank group. G = glucan. *P < 0.05; **P < 0.01. the groups with added glucan. However, the results do not entirely reflect this because perhaps a balance exists between antibody production and antigen clearance when exposed to different concentrations of glucan that ultimately affect the production of antibody.
Lymphocyte Proliferation Assay
To function in adaptive immunity, rare antigen-specific lymphocytes must proliferate extensively before they differentiate into functional effector cells of a particular specificity. The lymphocyte proliferation assay is used as an in vitro surrogate to assess the overall quality and characteristics of the cellular immune response (Haddad and Mashaly, 1991; Sitz and Birx, 1999; Sottong et al., 2000) . The biological activity of Sophy glucan was tested by in vitro proliferation of duck PBMC. We tested the effect of 5 kinds of mitogens on the lymphocyte proliferation. Compared with the control group, the OD values of groups immunized with BSA, glucan, or FA were higher, which means that lymphocytes from immunized ducks proliferated to a greater extent than those from unimmunized ducks. With an increase in glucan concentrations, the proliferative responses also linearly increased. Cells from the group with 12.5 μg of glucan/duck had the highest OD value without adding any stimulus, and the group with 62.5 μg of glucan/ duck had similar results as the group with 12.5 μg of glucan/duck. The difference between the BSA + FA and BSA + FA + 12.5 μg of glucan groups was significant (P < 0.05). This result indicated that glucan does play a role in promoting lymphocyte proliferation. However, we also observed great variation in the proliferative responses of duck PBMC from different birds that were fed different concentrations of glucans, even within the same group with or without stimulus. Interestingly, aside from the performance of ConA, glucan and PHA did not enhance proliferation as strongly as in the experiment to determine the concentration of mitogens. Higgins and Teoh (1988) reported great variations in proliferative responses of duck PBMC from different birds to PHA and ConA and they thought the most likely reason for this appeared to be the heterogeneity of the cells found in the PBMC suspensions prepared using Ficoll-Paque. By observing the raw data, it was clear that lymphocytes from different ducks had a wide variety of responses to stimulus. Some did not respond to the stimulus but some responded strongly. Thus, it is possible that the changes observed can be attributed to variations in the sensitivity of ducks to different stimuli.
Prior to this study, a commercial experiment on the effects of various levels of Sophy glucan on egg production, egg weight, and egg shell quality was performed in our laboratory, and we determined that chickens whose diet was supplemented with β-glucan had greater total egg production and mean daily egg production than the control group (P < 0.01), and the egg quality was not obviously affected (X. Y. Tang, unpublished data).
We extended this study to determine whether Sophy β-glucan also has a beneficial effect on the growth performance and immunity of Peking ducks. Although glucan did not improve duck growth performance and meat quality significantly under the conditions of the present experiment, these findings suggest that yeast β-glucans in diets have no detrimental effect on the growth performance and meat quality of Peking ducks. The lymphocyte proliferation response of duck PBMC was significant improved by Sophy β-glucan. This indicates that the β-glucan can potentially enhance cellular immune response. Rajapakse et al. (2010) indicated that broilers treated with 1% Sophy β-glucan ad libitum with water can significantly increase (P < 0.05) the mean antibody titers against infectious bursal disease on d 25, 36, and 42. Another similar study indicated that supplying Sophy β-glucan in drinking water to mice can elicit a significantly high immune response to both H5N1 and H5N2 vaccines compared with control mice (Thanh et al., 2010) . In our research, subcutaneous injection of BSA with β-glucan did not enhance the level of anti-BSA-IgG antibody; perhaps the immunization route and dosage of β-glucan are the main reasons for this outcome. Although glucan did not significantly affect the growth characteristics and antibody production of Peking ducks in our study, in view of the positive results of other studies about this β-glucan in humans, mice, and chickens (Ikewaki et al., 2007; Yatawara et al., 2009; Rajapakse et al., 2010) and some beneficial experimental trends shown in this study, we believe that this β-glucan is still worthy of further study on the immune response in the poultry field, such as regulation of macrophage phagocytosis, cytokines production, and cell cycle.
